I -INTRODUCTION
I n e l a s t i c e l e c t r o n and proton s c a t t e r i n g £ran n u c l e i a t h i g h momentum t r a n s f e r s neces s i t a t e s on t h e f u l l quantum mechanical l e v e l a b i g numerical e f f o r t . Since i n t h e q u a s i -e l a s t i c peak region s h e l l e f f e c t s a r e absent a s e m i c l a s s i c a l approach may be s u f f i c i e n t . W e w i l l show i n t h i s work t h a t t h i s i s e f f e c t i v e l y t h e case f o r momentum t r a n s f e r s of q 2 2 fm-1.
I1 -THE THEORY
The f r e e response f u n c t i o n n:) (q,u) f o r an e x c i t a t i o n o p e r a t o r 6 can be c a l c u l a t e d from t h e p a r t i c l e h o l e Greens f u n c t i o n n(0) ( r , , r,, r; , r;) .
d s h a l l be t h e l o n g i t u d i n a l e x c i t a t i o n o p e r a t o r I n coordinate r e p r e s e n t a t i o n , t h e Greens function a t t a i n s t h e following form: where h i s t h e one p a r t i c l e hamiltonian and X t h e Fermi enerLy. For t h e Greens function we t a k e now a s e m i c l a s s i c a l approximat ion. This approximation i s achieved by r e p l a c i n g t h e o p e r a t o r s by t h e i r c l a s s i c a l c o u n t e r p a r t s . This Thomas Fermi l i k e approximation has been very s u c c e s s f u l i n t h e case of s article h o l e d e n s i t i e s
/ I / .
For t h e l o n g i t u d i n a l response f u n c t i o n one obtains with This r e s u l t i s v a l i d f o r a r b i t r a r y p o t e n t i a l s . I f t h e p o t e n t i a l i s l o c a l , however, it cancels i n t h e denominator and e n t e r s only i n t h e arguments of t h e s t e p funct ions .
For a s p h e r i c a l p o t e n t i a l a l l but one i n t e g r a t i o n can b e performed a n a l y t i c a l l y . For a square well ~o t e n t i a l eq. (7) l e a d s d i r e c t l y t o t h e Lindhard f u n c t i o n / 3 / ; f o r a harmonic o s c i l l a t o r p o t e n t i a l VtQ-, Qn u : R' , eq. (7) s t i l l can be given anal y t i c a l l y .
-COMPARISON WITH MICROSCOPIC CALCULATIONS
In f i g . 1 t h e response f u n c t i o n i n a harmonic o s c i l l a t o r p o t e n t i a l i s compared f o r two momentum t r a n s f e r s with t h e exact quantum mechanical ones, c a l c u l a t e d by
S. Shlomo 141. Because t h e s e m i c l a s s i c a l method employed i s s i m i l a r t o t h e s t r u t i n s k y
smoothing procedure 151, t h e exact r e s u l t had been smeared out by a s t e p f u n c t i o n of range 2 hwO. For two momentum t r a n s f e r s t h e response function i n a harmonic o s c i l l a t i o n p o t e n t i a l (kF = 1.5 fm-l) i s compared t o a quantum mechanical c a l c u l a t i o n 141. For o r i e n t a t i o n t h e Lindhard functions (nuclear matter kF = 1.36 fm-l) a r e a l s o shown.
-1
The semiclassical method reproduces f o r momentum t r a n s f e r s q > 0.6 fm t h e average values very well. For lower momentum t r a n s f e r s , t h e l o c a l Fermi Gas approximation f a i l s , because only a few eigenvalues a r e excited and a l o c a l approximation i s not a b l e t o account f o r s i n g l e e i g e n s t a t e s which a r e a global property of t h e system. Energy i n t e g r a t e d q u a n t i t i e s may however s t i l l be q u i t e accurate a s can be deduced from t h e f a c t t h a t t h e energy weighted sum r u l e i s e x a c t l y f u l l f i l l e d within t h e loc a l F.G. approximation 121. Our r e s u l t s , again, produce a good average i n t h e region where s h e l l e f f e c t s a r e present. I n t h e region where t h e continuum dominates, t h e exact r e s u l t i s very well reproduced. W e thus can sey t h a t f o r q 2 2fm-I t h e semiclassical approach i s almost i d e n t i c a l with t h e quantum r e s u l t . The dependence of t h e response function on t h e
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JOURNAL DE PHYSIQUE average p o t e n t i a l i s i l l u s t r a t e d i n f i g . 3. One f i n d s t h a t t h e nuclear matter
approximation (kF = 1.36 fm) i s b e t t e r f o r heavy n u c l e i than f o r l i g h t e r ones. For l i g h t n u c l e i , s u r f a c e e f f e c t s a r e important and a harmonic o s c i l l a t o r ( k p _ = 1.5 fm-') response function (eq. (10)) becomes more r e a l i s t i c than t h e Lindhard function (nuc l e a r matter).
The response funct i o n s a r e compared f o r d i f f e r e n t p o t e n t i a l s . The dashed l i n e s belong t o Woods-Saxon p o t e n t i a l s f o r two d i f f e r e n t masses. For i n e l a s t i c proton s c a t t e r i n g one can e x c i t e besides pure nucleon particle-hole p a i r s also&-hole p a i r s i n t h e longitudinalchannel / 7 , 8 , 9 / . Thereby a nucleon can be transformed by a .rro t o a d e l t a p a r t i c l e . W e again want t o study t h e d i f f e r e n c e between a pure nuclear matter c a l c u l a t i o n and our semiclassical approach. The t o t a l longitudinal f r e e response i s given by 171. I n f i g . 4 t h e t o t a l response f u n c t i o n i s drawn t o g e t h e r with i t s components. I n t h e imaginary p a r t ( f u l l l i n e ) t h e n u c l e a r and t h e d e l t a c o n t r i b u t i o n s a r e c l e a r l y separ a t e d i n energy. The d e l t a response, however, c o n t r i b u t e s t o t h e t o t a l response f u n c t i o n through i t s r e a l p a r t (dashed d o t t e d l i n e ) even f o r lower e n e r g i e s , and modifies t h e r e a l p a r t of t h e nucleon response (dashed l i n e ) . For comparison, t h e d e l t a p a r t of t h e response function i s a l s o shown f o r t h e n u c l e a r matter case (dotted l i n e ) . The Greens f u n c t i o n i n c l u d i n g i n t e r a c t i o n s i s c a l c u l a t e d from t h e t r e e one by means of ( n e g l e c t i n g t h e exchange p a r t of t h e i n t e r a c t i o n ) :
One can show t h a t t o z e r o o r d e r of .ti one o b t a i n s f o r t h e resuonse function:
. ..
For t h e s p e c i a l c a s e of a one exchange p o t e n t i a l (OPEP) p l u s tlidgal parameter, r e p r e s e n t i n g t h e short-range r e p u l s i o n , m i s t h e pion mass. has been used. Fig. 5 : The f r e e response (dash-dotted l i n e ) i s compared w i t h t h e response including i n t e r a c t i o n (15) ( f u l l l i n e ) . The dashed l i n e r e p r e s e n t e s t h e r e sponse where t h e A contribut i o n was omitted.
